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Received 13 July 2006; received in revised form 21 August 2006; accepted 29 August 2006AbstractThis study showed ﬁrst results on the geographical distribution of mixotrophic ciliates of the genus Stentor in the
Chilean North Patagonian Lake District. Thirteen deep North Patagonian lakes were sampled during 2004 and 2005,
and important ecological parameters as nutrients, light climate, chlorophyll a and all plankton groups were analysed.
The data were evaluated using correlation, cluster and discriminant function analyses.
In four of 13 lakes, Stentor was an important constituent of the plankton community and contributed signiﬁcantly to
the total zooplankton biomass. It coinhabited lakes with calanoid copepods (Boeckella, Tumeodiaptomus) and small
cladocerans (Eubosmina, Ceriodaphnia). Stentor was negatively correlated with cyclopoid copepods and large
cladocerans. Cyclopoid copepods were a very good predictor to discriminate between lakes with and without Stentor.
It is suggested that cyclopoid copepods have top-down impact on Stentor.
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Mixotrophic ciliates have been revealed as a sub-
stantial component of pelagic food webs in oceanic and
freshwater systems (see reviews by Dolan, 1992;
Laybourn-Parry, Perriss, Seaton, & Rohozinski, 1997;
Pierce & Turner, 1992). In some cases, it has been shown
that mixotrophs can contribute substantially to ciliate
and zooplankton biomass in both eutrophic and
oligotrophic systems at different latitudes (Bienert,
Beaver, & Crisman, 1991; Laybourn-Parry, Marchant,
& Brown, 1991; Laybourn-Parry et al., 1997; Woelﬂ &
Geller, 2002). Recent investigations of Southern Hemi-
sphere lakes reported that mixotrophic ciliates are an
important constituent of some Australian, New Zealande front matter r 2006 Elsevier GmbH. All rights reserved.
no.2006.08.004
ess: swoelﬂ@uach.cl.and North Patagonian lakes (James, Burns, & Forsyth,
1995; Laybourn-Parry et al., 1997; Woelﬂ, 1995; Woelﬂ
& Geller, 2002).
In South America a lake district, also known as the
Araucanian lake district, is located in Southern Chile
and Argentina between 391S and 411S711W, showing
some interesting peculiarities: the lakes are deep
(zmaxb100m), oligotrophic, monomictic and of glacial
origin (Campos, 1984; Geller, 1992; Thomasson, 1963).
They have low salt and nutrient concentrations, low
productivity and species diversity, and are at least
seasonally limited by nitrogen (Campos, 1984; Soto,
2002; Soto & Zun˜iga, 1991; Steinhart, Likens, & Soto,
2002). Their plankton community is dominated mainly
by calanoid copepods (Soto & Zun˜iga, 1991; Villalobos,
1994). During the last decade, there were also increasing
information on the importance of mixotrophic ciliates of
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S. Woelﬂ / Limnologica 37 (2007) 28–36 29the genus Stentor and Ophrydium in some North
Patagonian lakes in Chile and Argentina (Foissner &
Woelﬂ, 1994; Modenutti & Balseiro, 2002; Modenutti,
Balseiro, & Queimalinos, 2000; Woelﬂ, 1995; Woelﬂ &
Geller, 2002). However, quantitative data on the
distribution of the mixotrophic ciliates and their
contribution to the whole plankton community are only
available for one North Patagonian lake (Woelﬂ &
Geller, 2002). On a worldwide scale, information on the
contribution of large mixotrophic ciliates of the genus
Stentor to the whole plankton community in large lakes
are not reported. As stated out by Woelﬂ and Geller
(2002), up to now it is not clear whether Stentor inhabits
and contributes signiﬁcantly to the plankton community
of these lakes. These authors hypothesized that Stentor
is well adapted to the oligotrophic conditions of the
North Patagonian lakes and therefore should be an
important constituent of the plankton in the Chilean
North Patagonian Lake District.
The aim of this study was ﬁrstly to present
quantitative data on the geographical distribution
of large mixotrophic ciliates (Stentor) and theirFig. 1. Map of the North-Patagonian lakes (modiﬁed frocontribution to the zooplankton community in the
Chilean North Patagonian lake district, and secondly
to relate the observed distribution pattern to ecological
important abiotic and biotic parameters. Here, I present
a ﬁrst evaluation of a data set obtained during a one-
year ﬁeld campaign in 13 North Patagonian lakes during
2004 and 2005.Materials and methods
Sampling was carried out every three months from
April 2004 to April 2005 in 13 of the 15 Chilean North
Patagonian lakes (Colico, Caburgua, Villarrica, Calaf-
quen, Panguipulli, Rin˜ihue, Ranco, Maihue, Rupanco,
Puyehue, Llanquihue, Todos los Santos y Chapo,
Fig. 1).
Water samples were taken from: 0.1, 1, 2.5, 5, 7.5, 10,
12.5, 15, 20, 25, 30 and 40m using a 3L Friedinger
bottle. Part of the following analyses was carried out
using an integrated, depth-weighted water sample fromm the original map provided by Thomasson, 1963).
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biological samples were carried out according to Woelﬂ
and Geller (2002).
To determine the vertical distribution of Stentor,
500–1000ml of the unﬁxed water samples of every depth
were ﬁltered onto paper ﬁlter (47mm in diam) and the
two mixotrophic Stentor species (S. araucanus, S.
amethystinus) were counted and the C-biomass was
calculated. For the comparison of Stentor with the other
parameters, the depth-integrated data were used which
were calculated on the base of the individual samples
and weighted by the depth interval of every sample.
Crustaceans were sampled by vertical hauls from 40m
depth to the lake surface using a net of 55-mm mesh size
and ﬁxed with sugar-formaldehyde (ﬁnal concentration
4% vol.). For the determination of the biomass, length-
dry-weight relationships for individual species were
established, and the dry weights were converted to C-
biomass assuming a C-content of 50%.
To determine the abundance of rotifers, 5 L of the
integrated water sample were ﬁltered using a net of 30-
mm mesh size, ﬁxed with sugar-formaldehyde (ﬁnal
concentration 4% vol.) and counted in Bogorov-
chambers with an inverted microscope at 100x magni-
ﬁcation. The biovolume was calculated from measure-
ments of individuals using geometric formulae and
converted to dry weight. C-biomass was estimated
assuming a C-content of 50% of the dry weight.
The analyses of nutrients and chlorophyll a were
made using the integrated water samples (depth interval:
0–40m). Nitrate, soluble reactive phosphorus (SRP) and
chlorophyll a were analysed according to standard
methods (APHA, 1992). Chlorophyll a was determined
spectrophotometrically after ﬁltering of 2L of the
integrated water sample using 90% acetone as solvent
(APHA, 1992).
Temperature measurements were obtained from a
thermometer which was ﬁxed inside the wall of the water
sampler. The accuracy of the temperature readings
was 0.2 1C.
The water transparency was measured with a stan-
dard 20 cm diameter Secchi disk. Underwater gradients
of photosynthetically active radiation (PAR,
400–700 nm waveband; unit: mmol photonm2 s1) were
assessed by lowering an underwater Li-Cor 185-B
irradiance meter (Lambda Instrument Co., Lincoln,
NE, USA), equipped with an underwater quantum
sensor, from the surface down to 28m at 1-m depth
intervals. Surface light changes were corrected for
through the parallel measurement of PAR at the
surface. The euphotic depth was calculated as the 1%
level of the surface radiation of PAR.
Conductivity and pH were measured with a pH-meter
and a conductivity meter (WTW-Weilheim, Germany).
The signiﬁcance between the medians of
abiotic parameters among lakes were tested using thenon-parametric Kruskal–Wallis test (signiﬁcance level
Po0:05). The associations between the environmental
and the biological data were determined by means of the
correlation analyses using a Spearman Rank correlation
test (a ¼ 0:05). The cluster analyses was carried out on
the standardized data which showed signiﬁcant correla-
tions with Stentor: secchi depth, chl a, nauplii, calanoid
and cyclopoid copepods, small and large cladocerans
and rotifers. In order to determine the variables which
discriminate between lakes, a stepwise multi dimensional
variance and discriminant analysis (MVDA) was per-
formed on standardized data and the presence or
absence of Stentor as grouping variable. The stati-
stical analyses were carried out using the statistical
package Statgraphics Plus for Windows and Statistica
Version 6.0.Results
Characterization of the lakes
Table 1 summarizes the most important physical and
chemical data of the studied North Patagonian lakes.
For comparison reason, the data of Lake Pirehueico,
which was not studied here, were also included. All lakes
are deep with a maximum depth between of 145 and
374m and a surface area of 30–870 km2. The average
secchi depth was lowest in the lakes Maihue, Todos los
Santos and Chapo (7.5–10.5m), and signiﬁcantly higher
in the lakes Colico, Caburgua, Llanquihue, Ranco and
Rupanco (18–22m) (Kruskal–Wallis test: P ¼ 0:00).
The same result was also found for the euphotic depth.
The pH was similar in all lakes ﬂuctuating between 7.3
and 7.8. Regarding the nutrient and chlorophyll a
concentrations, all values falled within the ultra- and
oligotrophic range and showed no signiﬁcant differences
between the lakes (Kruskal–Wallis test: SRP: P ¼ 0:69;
nitrate: P ¼ 0:69, chl a: P ¼ 0:26).
Distribution of Stentor and its contribution to
zooplankton biomass
In general, two species of the genus Stentor, the blue
coloured S. araucanus and the brownish coloured S.
amethystinus, were found in several North Patagonian
lakes. Stable populations of the mixotrophic ciliates
existed only in the lakes Colico, Caburgua, Maihue and
Llanquihue, but were seasonally also observed in lake
Ranco (Fig. 2). In general, Stentor showed highest
numbers in the top 20m, corresponding to the
epilimnetic water layer (data not shown). Regarding
the distribution of the two Stentor species, both
species equally coinhabited the lakes Maihue and
Caburgua, whereas S. amethystinus predominated over
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Table 1. Geographical location, morphometric and abiotic parameters from North Patagonian lakes (Chile)
Lake Location zmax
(m)
Area
(km2)
Secchi
depth (m)
Euphotic
depth (m)
pH SRP
(P mgL1)
Nitrate
(N mgL1)
Chl a
(mgL1)
Colico 391050S 374 55.8 22.0 30.0 7,3 2.4 7.0 1.05
711560W (12.8–26.0) (23.0–31.5) (7,1–7.6) (o1–9.5) (3.5–26.5) (0.32–2.2)
Caburgua 391070S 327 51.9 19.0 26.0 7.5 3.3 5.9 1.10
711450W (14.0–25.3) (25.0–40.0) (7.2–7.9) (o1–14.5) (1.5–12.5) (0.40–2.5)
Villarrica 391320S 165 175.9 13.2 18.5 7.5 1.5 7.5 1.44
721090W (8.0–16.0) (8.7–22.5) (7.3–7.5) (o1–3.4) (6.0–8.5) (0.95–1.93)
Calafquen 391320S 212 120.6 14.1 30.0 7.5 3.4 5.5 0.76
721090W (12.2–17.2) (30.0–30.0) (7.4–7.7) (1.0–14.2)(3.0–14.0) (0.34–2.1)
Panguipulli 391430S 268 116.9 13.4 27.0 7.4 2.9 7.8 0.83
721130W (9.8–17.0) (12.5–28.0) (7.3–7.5) (1.3–4.2)(4.5–11.5) (0.63–1.06)
Pirehueicoa 391560S 145 30.5 16.6 26.0 7.5 0.5 29.5 0.60
711480W (8.0–21.0) (25.0–40.0) (7.4–7.7) (0–3.0) (12.0–58.1) (0.28–1.07)
Rin˜ihue 391500 S 323 77.5 13.9 25.3 7.4 2.2 7.5 0.66
721200 W (9.8–19.2) (8.5–33.0) (7.4–7.5 (o1–3.8) (4.0–11.0) (0.29–1.66)
Maihue 401200S 207 47.2 7.5 17.0 7.2 5.5 11.0 1.08
721040W (3.0–19.5) (15.0–22.5) (7.0–7.6) (1.1–10.3)(8.0–12.0) (0.49–1.66)
Ranco 401120S 199 442.6 18.0 29.0 7.6 2.2 5.3 0.64
721230W (15.7–24.0) (10.0–35.0) (7.6–7.8) (o1– 10.3) (4.0– 6.5) (0.44–0.74)
Puyehue 401400S 123 165.4 15.0 14.5 7.5 1.3 7.5 0.85
721280W (10.7–17.3) (9.0–26.5) (7.4–7.6) (o1–9.0) (6.0–9.5) (0.14–1.30)
Rupanco 401500S 274 247.5 19.3 34.5 7.4 3.2 5.0 0.75
721260W (18.5–22.8) (31.0–45.0) (7.2–7.6) (o1–9.0) (1.5–5.5) (0.42–1.30)
Llanquihue 411080S 317 870.5 21.8 39.5 7.6 4.3 8.5 0.64
721470W (19.0–26.0) (35.0–46.7) (7.3–8.3) (1.0–5.2)(1.0–16.0) (0.58–1.07)
Todos Los
Santos
411080S 337 178.5 8.3 13.0 7.0 o1 7.0 0.32
721120W (4.7–15.9) (12.0–30.0) (6.8–7.2) (o1–1.1) (6.5–8.5) (0.24–0.52)
Chapo 411270S 298 45.3 10.5 19.0 7.4 2.7 5.5 0.74
721300W (9.6–13.2) (15.0–20.0) (7.0–8.2) (o1–3.3) (2.0–10.0) (0.49–1.55)
Median and minimum–maximum values ( ) are given. SRP ¼ soluble reactive phosphorous.
aValues from 1992 (Woelﬂ & Geller, 2002).
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Fig. 2. Mean annual abundance of Stentor in the upper 40m
water column of 13 North Patagonian lakes during 2004. Col:
Colico; Cab: Caburgua; Vil: Villarrica, Cal: Calafque´n, Pan:
Panguipulli; Rin˜: Rin˜ihue; Mai: Maihue; Puy: Puyehue; Rup:
Rupanco; Lla: Llanquihue; TLS: Todos Los Santos; Cha:
Chapo.
S. Woelﬂ / Limnologica 37 (2007) 28–36 31S. araucanus by a factor ﬁve in Lake Colico and S.
araucanus was the only species in Lake Llanquihue. The
abundance of both Stentor species reached up to severalhundreds indL1 in all lakes, except in Lake Ranco with
abundances below 10 indL1 (Table 2). The biomass of
Stentor accounted for 49–68.8% to the total zooplank-
ton biomass (rotifers+Stentor+crustaceans) in the
lakes Caburgua, Colico, Maihue and Llanquihue, but
less than 1% in Lake Ranco (Table 2, Fig. 3). According
to Fig. 3, it is apparent that the relative contribution of
Stentor to the total zooplankton biomass was high in
lakes coinhabited by mixotrophic ciliates, calanoids,
nauplii and small cladocerans (Eubosmina, Ceriodaph-
nia). In lakes where larger cladocerans (Daphnia,
Diaphanosoma) and larger cyclopoid copepods (Meso-
cyclops) were important, generally Stentor was not
presented and did not contribute to the biomass of
zooplankton.Correlation matrix
The statistical comparison of the biological and
environmental data indicated several signiﬁcant correla-
tions (Table 3). The biomass of both Stentor species was
ARTICLE IN PRESS
Table 2. The abundance and biomass of Stentor from North Patagonian lakes in relation to the biomass of the zooplankton
community (rotifers+Stentor+crustaceans)
Lake Depth interval
(m)
Abundance
Stentor
(indL1)
range
Biomass Stentor
(mgCL1) (annual
mean7SD)
% of zooplankton
community (annual
mean7SD)
Source
Caburgua 0–40 0–440 9.877.9 68.8728.2 This study
Colico 0–40 0–190 7.174.1 39.4710.3
Maihue 0–40 0–646 12.2713.2 40.1737.5
Ranco 0–40 0–10 0.2870.25 0.6370.43
Llanquihue 0–40 0–448 13.2723.6 46.5739.8
Pirehueico 0–25 21–569 14.3714.7 47718.7 Woelﬂ and Geller (2002)
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Fig. 3. Relative contribution of rotifers, Stentor and crustaceans to the total zooplankton biomass in 13 North Patagonian lakes
during 2004 (depth interval 0–40m).
Table 3. Spearman rank correlations between some key ecological variables and the biomass of Stentor in 14 North Patagonian
lakes (Chile) (N ¼ 51)
S. araucanus (mgC mgL1) S. amethystinus (mgC mgL1) Stentor (mgC mgL1)
Maximum Mean 0–40m (a) Maximum Mean 0–40m (b) (a)+(b)
Mean temperature 0–40m (1C) 0.06 0.00 0.01 0.00 0.01
Epilimnion temperature (1C) 0.16 0.19 0.10 0.08 0.12
Epilimnion depth (m) 0.27 0.27 0.05 0.40 0.25
pH (pH-units) 0.04 0.22 0.10 0.38 0.12
Secchi depth (m) 0.42 0.37 0.28 0.16 0.41
1% PAR (m) 0.30 0.19 0.054 0.05 0.27
SRP (mgP mgL1) 0.06 0.19 0.12 0.16 0.02
Nitrate (mgNmgL1) 0.17 0.20 0.14 0.00 0.10
Chlorophyll a (mgChla mgL1) 0.24 0.06 0.43 0.16 0.33
Nauplii (mgC mgL1) 0.41 0.41 0.36 0.43 0.42
Calanoid copepods (mgC mgL1) 0.15 0.24 0.01 0.27 0.12
Cyclopoid copepods (mgC mgL1) 0.52 0.40 0.53 0.46 0.60
Small cladocera (mgC mgL1) 0.34 0.41 0.40 0.39 0.37
Large cladocera (mgC mgL1) 0.63 0.49 0.60 0.47 0.69
Rotifers (mgC mgL1) 0.25 0.09 0.19 0.06 0.31
SRP ¼ soluble reactive phosphorous, PAR ¼ photosynthetically active radiation (400–700nm).
Po0.05
Po0.01
Po0.001.
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S. Woelﬂ / Limnologica 37 (2007) 28–36 33negatively correlated with the biomass of cyclopoid
copepods, large cladocerans, nauplii and rotifers, and
positively correlated with the secchi depth and chlor-
ophyll a. On a species level, S. araucanus was positively
correlated with the secchi depth, whereas S. amethysti-
nus was negatively correlated only with the epilimnion
depth and pH, but not with the secchi depth. This was
found both for the depth-integrated samples and for the
samples representing the maximum biomass values of
both species. No correlation was found for the mean
(depth interval: 0–40m) and the epilimnion temperature,
the euphotic depth, the nutrients and the calanoid
copepods (Table 3).Cluster analysis and MVDA
In order to classify the lakes, a cluster analysis was
conducted, which included all parameters signiﬁcantly
correlated with the biomass of Stentor (see Table 3). The
cluster analysis revealed three main clusters (Fig. 4). All
lakes with important Stentor populations form one
cluster (Colico, Caburgua, Maihue, Llanquihue), fol-
lowed by a second cluster of lakes which lack Stentor
and ﬁnally a third cluster of two lakes (Calafquen,
Puyehue) with high biomass of large cladocerans
(Daphnia, Diaphanosoma).
The MVDA was performed using the annual means
of the environmental and biological data. The only
extracted predictor variable for the MVDA was the
biomass of cyclopoid copepods which allowed a one
hundred percent correct classiﬁcation of the lakes usingTree Diagram for Variable
Colico
Caburgua
Lianquihue
Maihue
Villarrica
Chapo
Todos Los Santos
Panguipulli
Rinihue
Rupanco
Ranco
Calafquen
Puyehue
0 20 40
(Dl
Fig. 4. Cluster analysis for 13 North Patagonian lakes using log-tran
biomass of the zooplankton groups.the presence and absence of Stentor as grouping variable
(Table 4).Discussion
This study presented quantitative data on the
distribution of large (4100 mm in diameter) mixotrophic
ciliates of the genus Stentor in relation to ecological
important variables in 13 North Patagonian lakes.
Stentor was an important constituent in four lakes of
13 accounting for a very important portion of the
zooplankton biomass. Woelﬂ and Geller (2002) who
have studied the North Patagonian Lake Pirehueico
reported very similar results during 1991/1992 (Table 2).
Further information on the distribution of Stentor is
only available for some Argentinean lakes within the
Nahuel Huapi National Park (Modenutti, Balseiro,
Callieri, Bertoni, & Queimalinos, 2005; Modenutti,
Balseiro, & Moeller, 1998), from small, shallow sub-
tropical lakes (Beaver & Crisman, 1989; Bienert et al.,
1991) and from some Australian lakes (James et al.,
1995; Laybourn-Parry et al., 1997). However, quantita-
tive data on the plankton community and the important
abiotic parameters from these lakes in relation to
Stentor still lack. Beside the oligotrophy, the most
common characteristic of the plankton structure of these
lakes is the dominance of calanoid copepods and small
cladocerans (Modenutti et al., 2000; Soto & Zun˜iga,
1991; Woelﬂ & Geller, 2002). Several biotic and abiotic
parameters were correlated with the distribution patterns Ward's method Euclidean distances
60 80 100
ink /Dmax)*100
sformed data on pH, secchi and epilimnion depth, chl a and the
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Table 4. Classiﬁcation matrix of the discriminant function analysis with cyclopoid copepods as the main predictors and the
presence (1) or absence (0) of Stentor as grouping variable
Predicted classiﬁcations Observed classiﬁcations
Percent correct 0 1
0 100.0 9 0
1 100.0 0 4
Total 100.0 9 4
General removed Eigenvalue Canonical R Wilk’s w2 df P-level
0 1.401322 0.76391 0.416437 9.19820 1.0 0.00242
w2 tests with successive roots removed sigma-restricted parameterization.
S. Woelﬂ / Limnologica 37 (2007) 28–3634of Stentor: The most important factors were the
cyclopoid copepods and large cladocerans. According
to the discriminant analysis, the cyclopoid copepods
were a very good predictor for the observed distribution
of Stentor. This ﬁnding might be related to the possible
predation of Stentor by cyclopoid copepods (e.g.
Mesocyclops longisetus) which are known to be omni-
vore (Hansen, 2000; Zo¨llner, Santer, Boersma, Hoppe,
& Ju¨rgens, 2003). It can be supposed that Stentor is a
perfect prey organism for invertebrate predators like
copepods, because it is coloured, swims only slowly and
misses effective defence mechanisms (Foissner & Woelﬂ,
1994). Unfortunately, at this moment it is not possible
to estimate this possible top–down impact of cyclopoid
copepods on Stentor, because it is not clear, whether the
copepods can also feed on large ciliates. Whereas
Balseiro, Modenutti, and Queimalinos (2001) reported
for North Patagonian lakes the feeding of calanoid
copepods on smaller ciliates, only Woelﬂ (1995)
provided some ﬁeld observations, which indicate the
ingestion of Stentor by Mesocyclops in a North
Patagonian lake. At this time, laboratory experiments
are designed in order to conﬁrm or to reject the possible
grazing impact of cyclopoids on Stentor.
Regarding the other biological parameter, the med-
ium-sized cladocerans (mainly Daphnia) are of special
interest. It can be suggested that their negative correla-
tion with Stentor is related to their principal ability to
out compete ciliates (see review by Ju¨rgens, 1994).
However, there are no experimental data available for
the competition between Daphnia and the large ciliate
Stentor. On the other hand, it must be considered that
the distribution of Daphnia in North Patagonian lakes
depends largely on their trophic state and therefore on
their chlorophyll a concentration (De Los Rı´os, 2003;
Villalobos, 1994). However, the positive correlation of
Stentor with chlorophyll a on one side and the negative
correlation with larger cladocerans on the other sideseem to contradict this observation. In this context, it
must be considered that the endosymbiotic algae of
Stentor probably contributed to a considerable degree to
the total chlorophyll a concentrations as already shown
for other lakes (Laybourn-Parry et al., 1997; Woelﬂ &
Geller, 2002). This means, that the concentration of
edible algae in the lakes dominated by Stentor probably
was much lower than the observed chlorophyll a
concentrations suggest. Consequently, it can be sup-
posed that larger cladocerans were food-limited and
therefore did not survive in these lakes (De Los Rı´os,
2003). To prove this conclusion, the phytoplankton
community must be studied in detail, a process that is
yet not ﬁnished.
Regarding other abiotic factors, the biomass of
Stentor and S. araucanus correlated with the secchi
depth, whereas S. amethystinus correlated with the
epilimnion depth. This indicate, that S. amethystinus is
more affected by the mixing depth than S. araucanus,
whereas for the later species the transparency is more
important. Based on the biological characteristics of
Stentor, it is clear, that both parameters—the epilimnion
depth and the transparency—principally are important
factors for the ciliate. Stentor is phototactically positive
and swims upwards in the water column in order to
maintain optimal light conditions for its endosymbiotic
algae (Laybourn-Parry et al., 1997). According to
Woelﬂ and Geller (2002) and Modenutti et al. (2005),
the maximum photosynthesis rates of Stentor were
measured at 300–600 mmol photonsm2 s1 PAR. This
amount of radiation is only available within the upper
10–20m water layer and consecuently Stentor only can
grow well within this water layer (Laybourn-Parry et al.,
1997; Woelﬂ & Geller, 2002). Because the epilimnion
depth increases with latitude (Geller, 1992), Stentor
might be light limited in lakes with higher epilimnion
depths and might not be able to develop larger
populations in these lakes. In this sense, Stentor is
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other common mixotrophic ciliates (e.g. Ophrydium
naumanni) which produced pronounced metalimnetic
peaks in some North Patagonian lakes on the Argen-
tinean side of the Andes (Queimalinos, Modenutti, &
Balseiro, 1999). Other factors as UV are not important
for the distribution of Stentor, because this ciliate is not
affected by UV (Modenutti et al., 2005).Conclusion
This study showed ﬁrst results on the geographical
distribution of mixotrophic ciliates of the genus Stentor
in the Chilean North Patagonian lake district. It was an
important constituent in four of 13 lakes and con-
tributed signiﬁcantly to the total zooplankton biomass.
Stentor inhabited lakes where only calanoid copepods
(Boeckella, Tumeodiaptomus) and small cladocerans
(Eubosmina, Ceriodaphnia) occurred. It was negatively
correlated with cyclopoid copepods (Mesocyclops)
which could be taken as a predictor to discriminate
between lakes with and without Stentor. It is suggested
that cyclopoid copepods and perhaps the medium-sized
cladocerans have a negative impact on Stentor via
predation and competition pressure. This has to be
conﬁrmed by experimental studies.Acknowledgements
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